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@ Monolithic outsole. 

® An outsole construction for a shoe which pro- 
vides all midsole and outsole functions with a single 
homogeneous moidable material through geometry 
alone is disclosed. The invention employs cut-out 
geometry for engineering various characteristics into 
an outsole of a unifomn, monolithic material. Such 
characteristics are obtained by removing material or 
reinforcing the material so that it functions as if it 
had different densities. The Invention is based on the 
principle of minimum sufficient tiiickness in order to 
maintain tiie foot as close to the ground as possible. 
Energy absorption/cushioning is achieved In the in- 
C^vention by tiie following features: (1) a series of 
^transverse slots along the lateral border to provide 
cushion conformability to the lower foot column; (2) 
an array of compression columns or holes in the 
heel region to accept the known pressure distribu- 
tions: (3) an an^ay of small holes in the ball region to 
add botii cushioning and flexibility; (4) a raised heel 
cup to constrain tiie heel fat pad expansion during 
impact and enhance the natural shock absori^lng 
characteristics of \he foot; and (5) relief of the rear 
lateral heel border to dynamically smooth and cush- 
ion initial heel strike. The outsole construction of the 
present Invention may be advantageously employed 
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to provide anchor sites for the transverse support 
sling having straps which are carried over the top of 
tine midfoot and allowed to fan out with attachment to 
ttie outsole under the upper and lower columns of 
the foot. A furtiier embodiment of the Invention pro- 
vides reference anchor points in the outsole for 
attachment of the shoe upper, thus eliminating the 
need for a shoe last in manufacturing. 
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MONOLITHIC OUTSOLE 


The present invention relates to an outsole 
construction for a shoe. More particularly, ttie 
present invention relates to a construction which 
provides all midsole and outsole functions for a 
shoe with a single homogeneous moldabie material 
through geometry alone. The present Invention em- 
ploys cut-out geometry for engineering various 
characteristics into an outsole of a uniform, mono- 
lithic material. These characteristics are obtained 
by removing material or reinforcing tiie material so 
that it functions as if it had different densities. 

In an attempt to understand the foot as a 
system, the various parameters which affect Uie 
function of the foot have been studied, particularly 
with regard to a weight bearing foot. The practical 
need for such knowledge lies in the fact that a true 
structural mode! of the foot is capable of providing 
a prediction of gait and the effect of a shoe on gait. 
By knowing in advance how a shoe would effect 
the performance of an athlete, for example, opti- 
mum shoes could be designed without the usual 
"cut and try" metiiod of standard shoe develop- 
ment. 

The traditional model of the foot provides for a 
one column, two-axis model which maintains that 
tiie foot under load is a rigid structure with a 
talocrural (ankle) axis and an apparent subtalar 
axis. The front of tiie foot is relatively rigid, but with 
only a multitude of small bone movements about 
the midtarses axes. The average direction of the 
effective axis under the ankle, called the subtalar 
axis, is said to be 42 degrees vertical and 16 
degrees horizontal to the midline of the body, as 
measured by Inman, V.T., The Joints of the Ankle , 
The Williams & Wilklns Co.. Baltimore, 1976. How- 
ever, this theory does not hold up with regard to a 
weight bearing or loaded foot since, if the force 
due to body weight were to act on the single 
traditional subtalar axis, the foot would collapse 
mechanically. 

It has now been determined that the foot is 
comprised of two columns and three axes. The 
lower, lateral column is basically a rigid base com- 
prised of the Calcaneus, Cuboid, and tiie fourtii 
and fiftii metatarsals. The remainder of the foot, 
which is comprised of the navicular, the first, sec- 
ond and third cuneiforms and the first, second and 
third metatarsals, emanates from the talus at the 
talonavicular interface swinging in combination with 
the lower column inversion/eversion actions in what 
may be called the 'subtalar joint axis'. But this 
articulation of what is called the upper foot column 
is only secondary to the true foot mechanism. The 
primary mechanical loading interface is on the low- 
er, lateral column at the rear of the talus onto tiie 


calcaneus, the posterior talocalcaneal facet 

It has also been determined that tiie foot op- 
erates differemly under load tiian when it is pas- 
sively manipulated such as a doctor would do in 
5 tiie office. This distinction helps to explain previous 
misconceptions as to how the foot worics under 
load. 

This new understanding has yielded a new 
structural model of the foot which has two separate 

10 columns, wrapped together with fascia, and three 
neariy orthogonal axes. The tiiree axes are: (1) the 
talocrural (ankle) axis; (2) the talocalcaneal axis 
(fonmed at tiie facet between the talus and tiie 
calcaneus); and (3) the talonavicular axis (formed at 

75 tiie facet between the talus and the navicular 
bones). 

There have been molded shoe outsoles in exis- 
tence for many years but such constructions have 
been Intended primarily to deal with problems of 

20 cushioning, tread and ti'action. and to mate with a 
lasted shoe upper and to be affixed Uiereto with 
adhesives and/or stitching. Such previous construc- 
tions have not been intended to provide an optimal 
base for tiie structural human foot In particular, 

25 such constructions have not been based on a two 
column structural load frame as described herein. 
In addition, most previous outsole constructions are 
not designed to accommodate the change in func- - 
tion which occurs with only a small amount of wear 

30 of the edges on the bottom surface of the outsole. 

By the present invention, there is provided an 
inproved outsole construction in which, starting with 
- a monolithic, thin, relatively soft, tough elastomer, 
all functions known to be needed by a structural 

35 foot model are addressed by addition or substrac- 
tion of material. The present invention is based on 
ttie principle of "minimum sufficient thickness" in 
order to maintain the foot as close to the ground as 
possible. 

40 The outsole shape is what is commonly called 
"in-flared" and has a detailed outline which Is suffi- 
cient to support more tiian 90 percent of the foot 
population for a given foot length. 

In tiie outsole construction of the present in- 

45 vention, energy absorption/cushioning is achieved 
by the following featijres: 

1. A series of transverse slots along the 
lateral border to provide cushion conformability to 
tiie lower foot column. 

60 2. An array of compression columns or holes 

in the heel region to accept the known pressure 
distributions. 

3. An array of small holes in the ball region 
to add both cushioning and flexibility. 

4. A raised heel cup to constrain the heel fat 
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pad expansion during impact and advantageously 
enhance the natural shock absorbing characteris- 
tics of the foot. 

5. Relief of the rear lateral heel twrder to 
dynamically smooth and cushion initial heel strike. 

Static and dynamic stability in the present out- 
sole construction are achieved by the following 
features: 

1. Complete material support for the entire 
foot structure weight bearing points. 

2. Minimum thickness and maximum flexibil- 
ity to reduce any inverston/eversion torques includ- 
ing ankle sprains. 

3. Heel cupping to constrain calcaneal move- 
ment 

4. Effective radial heel to reduce excessive 
aversion torques about the talocalcaneal axis, dy- 
namically. 

5. Subtle lateral border chock to reduce in- 
version rollover during standing. 

6. Complete forefoot flexibility for firm foot- 
ing on any pitched or irregular suriace. 

7. Rrm toe base for gripping in balance and 
toe-off. 

In the use of the outsole construction of the 
present invention, the "two column" foot has com- 
plete freedom of rotational motion because of 
transverse and longitudinal outsole flexibility. This 
is due to the thinness and softness of the outsole 
as well as relief of material to aid with this flexibil- 
ity. In addition, exceptional durability is achieved 
by eliminating local wearing forces and rotations 
with the use of firm, flexible footing throughout the 
entire gait cycle. Also there are no materials which 
will degrade under repeated impacts and flexures. 

The outsole construction of tiie present inven- 
tion allows the tiiree dimensional geometry of the 
shoe upper to be referenced precisely to tiie foot 
base or outsole at accurately placed anchor points 
without the use of a last. 

The construction of the present invention also 
mechanically holds the shoe to the foot in the 
midfoot region where a support sling construction 
may be anchored. 

Accordingly, it is a primary object of tiie 
present invention to provide alt midsole and outsole 
functions for a shoe with a single homogeneous 
moldable material through geometry alone. 

It is another object of the invention to provide 
anchor sites for a ti'ansverse support sling having 
straps which are carried over the top of the midfoot 
and allowed to fan out with attachement to the 
outsole under the upper, medial column of tine foot 
so as to optimally support tiie upper column when 
the foot is loaded. 

It is a further object of tiie present invention to 
provide reference anchor points for upper attach- 
ment to eliminate the need for a shoe last In 


manufacturing. 

ft Is anotiier object of the invention to create a 
midsole/outsole construction which will maintain its 
functional performance for the reasonable life of the 
5 shoe. 

According to a first aspect of the present In- 
vention a monolithic outsole for a shoe, preferably 
formed as a homogeneous structure for mating 
with a shoe upper to provide a shoe construciton, 

10 comprises an elongated planar member having tiie 
general outline of a foot with a heel region, a ball 
region and a midfoot region between the said heel 
and bail regions, and with lateral and medial sides 
or borders and formed with a monolithic structure, 

IS tiie said planar memtser having a plurality of prefer- 
ably parallel transverse slots located in tiie upper 
surface of the said planar member in tiie upper 
surface of the said planar member in tiie midfoot 
region adjacent the lateral border and with the said 

20 transverse slots being located outside tfie region of 
the said outsole which is directiy under the arch of 
the foot, the said slots being generally perpendicu- 
lar to ttie longitudinal axis of said planar member. 
According to a second aspect of the present 

25 invention a monolithic outsole for a shoe, prefer- 
ably formed as a homogeneous stnjcture for mat- 
ing with a shoe upper to provide a shoe construc- 
tion, comprises: 

an elongated planar member having the genera! 

30 outline of a foot with a heel region, a ball region 
and a midfoot region between said heel and ball 
regions, and with lateral and medial sides or bor- 
ders and formed with a uniform, monolltiilc struc- 
ture, said planar member having an anray of small 

35 holes located in the ball region of said outsole, the 
said holes extending across the said outsole from 
the medial side to the lateral side. 

According to a third aspect of ttie present 
invention a monolithic outsole for a shoe, prefer- 

40 ably formed as a homogeneous structure for mat- 
ing with a shoe upper to provide a shoe construc- 
tion, comprises: 

an elongated planar member having a general out- 
line of a foot with a heel region, a ball region and a 

45 midfoot region between the said heel and ball 
regions, and with lateral and medial sides or bor- 
ders and formed with a uniform, monolitiiic struc- 
ture, the said planar member having a cavity in the 
upper surface of said heel region and a plurality of 

so compression columns arranged witiiin tiie said cav- 
ity. 

According to a fourtii aspect of the present 
invention a monolithic outsole for a shoe, prefer- 
ably formed as a homogeneous structure for mat- 
55 ing with a shoe upper to provide a shoe construc- 
tion, comprises: 

an elongated planar member having the general 
outiine of a foot with a heel region, a ball region 
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and a midfoot region between said heel and ball 
regions, and with lateral and media] sides or bor- 
ders and formed with a uniform, monolithic struc- 
ture, the said planar member having a plurafrty of 
angled anchor holes positioned around the periph- 
ery of the outsole in the upper surface thereof, the 
said anchor holes being positioned at an angle of 
about 45 to 60 degrees relative to the upper sur- 
face of the outsole. 

Each of the aspects of the invention may be 
used in combination with any of the other aspects 
as desired and appropriate. 

A monolithic outsole of the invention preferably 
includes an array of small holes located in the ball 
region of the said outsole. the said holes extending 
across the said outsole from the medial side to the 
lateral side. 

The said holes in the ball region are preferably 
arranged with the holes on the medial side of the 
outsole in at least one row preferably parallel or 
generally parallel to the transverse metatarsal axis 
of the foot 

A monolithic outsole of the present invention 
preferably includes a lateral border chock in the 
form of a raised rib extending around the periphery 
of the heel region and along the lateral border of 
the said planar member. 

A monolithic outsole of the present invention 
preferably includes a plurality of compression col- 
umns arranged within a cavity in the said heel 
region. 

A monolithic outsole of the present invention 
preferably includes an arcuate medial slot and a 
linear lateral slot located in the upper surface of the 
said planar member. 

The said arcuate medial slot is preferably posi- 
tioned so as to lie beneath three anatomical points 
of the foot, the said points including the posterior 
edge of the first metatarsal head, the second or 
third cuneiform and the medial side of the cal- 
caneus. 

The said linear lateral slot is preferably posi- 
tioned so as to fie beneath the anatomical portion 
of the foot which extends from beneath the pos- 
terior edge of the fifth metatarsal head to a point 
beneath the calcaneal-cuboid joint. 

A monolithic outsole of the present Invention 
preferably includes a plurality of angled anchor 
holes positioned around the periphery of tfie out- 
sole, the said anchor holes being positioned at an 
angle of about 45 to 60 degrees relative to the 
upper surface of the outsole. and preferably ex- 
tending inwardly away from the edge of tiie out- 
sole. 

A monolithic outsole of \he present invention 
preferably includes a plurality of holes positioned 
around the upper surface of the rear lateral heel 
border adjacent the outer periphery of the said heel 


region, eg. between the said cavity in the heel 
region and the outer periphery of the said heel 
region. 

A monofitiiic outsole of tiie present invention 
5 preferably includes a stiffening member molded 
into the forefoot region of the outsole under tiie 
toes. 

The stiffening member is preferably in the form 
of a screen formed of a material such that the 
10 compressive characteristics of the stiffening mem- 
ber are ten times or more greater than tiiat of the 
outsole material. 

Referring to the first aspect of tiie invention the 
said preferably parallel transverse slots are prefer- 
75 ably of a length such that the slot of greatest length 
is located near the heel region and the slots are of 
successively reduced length in the anterior direc- 
tion toward the forefoot region. 

The said transverse slots preferably do not 
20 extend medially beyond the said arcuate medial 
slot. 

A monolitiiic outsole of the present invention 
preferably includes a raised heel cup in the said 
heel region, witfi the outsole upper surface elevat- 
25 ing from the said ball region to the said raised heel 
cup. . 

In the preferred form of the present invention at 
least one sling strap is mounted in each of the said 
arcuate medial slot and linear lateral slot, or at least 
30 one in one slot or the otiier, eg. at least one sling 
strap mounted in the said arcuate medial slot, or at 
least one sling strap mounted in the said linear 
lateral slot. 

Preferably a plurality of sling straps are moun- 

36 ted in each of the said arcuate medial slot and 
linear lateral slot, tiie said sling straps including 
anterior and posterior straps mounted In the lateral 
slot and anterior and posterior straps mounted in 
tiie medial slot, the said anterior lateral strap being 

40 positioned along the length of the shoe to overlie 
and pass posterior to the fifth metatarsal head of 
ttie foot, the said posterior lateral strap being posi- 
tioned along the length of the shoe to overlie and 
pass across the foot proximate and adjacent the 

45 calcaneahcuboid joint of tiie foot, the said anterior 
medial strap being positioned along the length of 
the shoe to overlie and be directed posterior to the 
first metatarsal head of ttie foot, and witii the said 
posterior medial strap being positioned along the 

so length of the shoe to overlie and be directed pos- 
terioriy after passing proximate and adjacent the 
navicular protuberance of the foot. 

Referring again to tiie third aspect of the inven- 
tion the said cavity is preferably of a cylindrical 

55 shape. 

The said compression columns are preferably 
arranged with a central column having additional 
columns positioned on at least one concentric cir- 
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cle about the central column. 

Referring now to the fourth aspect of the 
present invention the said anchor holes are of 
sufficient depth to provide sturdy anchoring points 
while being of sufficiently short length so as to 
leave enough outsole material beneath the holes as 
to provide structural integrity for the outsole. The 
said anchor holes preferably have a diameter of 
about 1/16 to 1/8 inch (1.6 to 3.2 mm) and a depth 
of about 1/8 to 3/16 inch (3.2 to 4,8 mm). 

A monolithic outsole of the present invention 
preferably has the said planar member formed of a 
material having a modulus of about 2000 to 4000 
pounds per inch per inch (140 to 280 kg/cm/cm), 
with the said modulus being reduced to range of 
about 200 to 1000 pounds per inch per Inch (14 to 
70 kg/cm/cm) in the region of the transverse slots. 

The invention may be put into practice in var- 
ious ways and a number of specific embodiments 
will be described to illustrate the invention with 
reference to the accompaning drawings in which: 

Figure 1 is a perspective view of an outsole 
constructed in accordance with the present inven- 
tion; 

Figure 2 is a plan view, of an alternative 
embodiment of the outsole shown in Rgure 1 ; 

Rgure 3 is a cross sectional view of a por- 
tion of the heel region taken along line 3-3 of 
Rgure 2; 

Rgure 4 is a cross sectional view of a por- 
tion of the midfoot region taken along line 4-4 of 

Figure 2; 

Figure 5 is a plan view of an outsole of the 
present invention showing additional features: 

Rgure 6 is a side elevation of the outsoie of 
Rgure 5; 

Figure 7 is a plan view of an alternative 
embodiment of the heel region in the outsole of the 
present invention; 

Figure 8 Is a cross sectional view taken 
along line 8-8 of Rgure 7; and 

Rgure 9 is a cross sectional view of an 
alternative embodiment of the outsoie of the 
present invention showing toe bed reinforcement 
by insert molding in the forefoot region. 

In the embodiment of the present invention as 
shown in Rgures 1 to 4, there is provided an 
outsole 10 having a series of parallel slots 12 in the 
midfoot region tocated adjacent and extending 
transversely to the lateral border 14 of the outsole 
10 so as to extend generally perpendicular to the 
longitudinal axis of the outsole 10. In one embodi- 
ment, the slot 12 of the greatest length is located 
near the heel region and the slots are of succes- 
sively reduced length in the anterior direction to- 
ward the forefoot region. 

An array of small holes 16, 18 is provided in 
the ball region of the outsole as shown in Rgures 1 


and 2. These holes 16. 18 are arranged in the 
embodiment shown so that the holes 16 on the 
medial side are in one or more rows parallel to the 
transverse metatarsal axis of the foot. In another 

5 embodiment, (not shown) the holes 16, 18 are 
arranged in one or more rows parallel to the trans- 
verse slots 12. The diameter of the holes 16. 18 as 
well as the interval between adjacent holes 16, 18 
will depend on the modulus of the outsole material. 

w In the modification shown in Rgure 2, the up- 
per surface of the outsole 10a is provided with a 
medial slot 20 and a lateral slot 22 in the midfoot 
region. These slots 20 and 22 are for the purpose 
of receiving respective medial 21 and lateral 23 

15 sling straps which are mounted therein. In the 
embodiment shown each of the slots 20, 22 is of 
sufficient depth to allow the respective slot to re- 
ceive one end of the sling straps 21, 23 and 
maintain the connection of the straps at or below 

20 the level of the top of the outsole. The straps 21 , 
23 are of sufficient length so as to be capable of 
being extended up and over the midfoot of the - 
wearer and to be releasably secured so that each 
medial strap 21 is releasably secured to a cor- 

25 responding lateral strap 23 by means such as a 
Velcro fastener mounted on each of the straps 21 , 
23. Both slots 20, 22 are positioned in the upper 
surface of the outsole 10a so as to lie beneath the 
foot of the wearer. 

30 In the embodiment shown, the medial slot 20 
of the outsole 10a lies under the upper column of 
the foot in the form of an arcuate shape which lies 
beneath three anatomical points of the foot (1) the 
posterior edge of the first metatarsal head; (2) the 

35 second or third cuneiform, preferably the third cu- 
neiform; and (3) the medial side of the calcaneus. It 
is noted that a smooth arcuate shape is only rel- 
evant to a smooth groove in the outsole, whereas 
individual anchor points would align to the direction 

40 of the sling strap. 

In the embodiment shown, the lateral slot 22 of 
the outsole 10a lies under the lower column of the 
foot throughout the length of the slot. This slot 
which is generally linear thus extends from the 

45 posterior edge of the fifth metatarsal head to a 
position proximate and adjacent the caicaneal- 
cuboid Joint. 

The specific shape, location and construction 
of the medial and lateral slots may be varied. It is 

so also within the scope of the invention for an end 
portion of each of the sling straps to be adhered or 
othen/vise attached to the upper surface of the 
outsole without the use of slots. The straps are 
each capable of serving as separate and indepen- 

55 dent lines of force to prevent the foot from everting 
and to provide the necessary support. 

It has been found that the main pressure areas 
of the foot are In the areas of the lateral border, the 
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metatarsal zone and the heel region. Thus by re- 
nnovlng material from the outsole in any of these 
areas in particular, substantial benefits of the 
present invention are obtained to provide thereby a 
lower effective modulus and Increased torsional 
flexibility, tn these areas. It Is desirable to reduce 
the effective modulus of the outsole to that of a 
running shoe. The materials employed for the out- 
sole of the present invention may be polyurethane 
or other similar outsole material known in the art In 
one emtxxjiment, the outsole material was polyure- 
thane having a modulus of about 2000 to 4000 
pounds per inch per Inch (140 to 280 kg/cm/cm). 

The transverse slots 12 along the lateral border 
create a cushion effect under the lower column. 
The polyurethane materials often employed for the 
outsole are fairly stiff and thus the relief in the form 
of the slots 12 creates a lower effective modulus 
and also provides increased torsional flexbtlity. The 
Interval between adjacent slots 12 as well as the 
dimensions of the slots 1 2. including the width and 
depth thereof, wilt depend on the modulus of the 
material and the amount of material removed 
should be sufficent to reduce the effective modulus 
in the region of the slots 12 to within the range of 
about 200 to 1000 pounds per inch per inch (14 to 
70 kg/cnn/cm). In one embodiment, the slots 12 
were unifonmly 1/4 inch deep (6.4 mm), the width 
of the slots 12 was about 1/16 inch (1.6 mm) and 
the interval between adjacent slots 12 was about 
5/18 inch (8 mm). The length of the slots 12 is 
determined such that the slots 12 are positioned 
under the location at which the load is transferred 
from the lower column of the foot to the outsole 10, 
and with the slots 12 being located outside the 
region of the outsole 10 which lies directly under 
the arch of the foot. Thus the slots 12 do not 
extend medially beyond the arcuate medial slot 20. 

In the heel region, the outsole 10 of the present 
invention is provided with a plurality of compres- 
sion columns 24 an-anged within a cylindrical cavity 
26. as shown in Rgures 1 to 3, A lateral border 
chock 28 is positioned around the upper circum- 
ference of the heel and extends anteriorly along the 
lateral border to a position just anterior to the most 
anterior transverse slot 12. The primary purpose of 
the lateral border chock 28 is to reduce inversion . 
rollover during standing. 

In one embodiment, the compression columns 
24 had a diameter of about 5/16 inch (8 mm) and a 
height of about 1/4 inch (6.4 mm) within the cavity 
26 which had a depth of about 1/4 inch (6.4 mm) 
and a diameter of about 2 inches (51 mm). The 
columns are preferably arranged with a central, 
column 24a and a series of columns 24 positioned 
on concentric circles about the central column 24a. 

As shown in Rgure 2 and 3, a raised heel cup 
38 is provided in order to constrain the natural heel 


fat pad expansion during impact such as while 
walking or running and also advantageously to en- 
hance the natural shock absorbing characteristics 
of tiie foot 

5 In Rgures 5 and 6 there Is shown an embodi- 

ment of an outsole 32 of the present Invention in 
which a plurality of reference anchor points In the 
fomi of small angled holes 30 are positioned ar- 
ound the periphery of the outsole 32 for use in 

10 anchoring the shoe upper into the outsole 32 so as 
to prevent early delamination. The holes 30 may be 
provided in the configuration as shown In Rgure 5 
or incorporated as an additional feature in the em- 
bodiment of Rgure 1 or Rgure 2. 

15 The angle of the holes 30 relative to the upper 
surface of the outsole 32 will generally be about 45 
to 80 degrees. The diameter of the holes 30 will 
generally be about 1/16 to 1/8 inch (1,6 to 3.2 mm) 
while tiie depth of ttie holes 30 will depend on the 

20 modulus of the particular outsole material. The 
holes 30 should be of sufficient depth to provide 
sturdy anchoring points while being of sufficienUy 
short length so as to provide structural integrity for 
the outsole. In one embodiment, the depth of the 

25 anchor holes 30 was in the range of 1/8 to 3/16 
inch (3.2 to 4,8 mm). 

A$ shown in Rgure 6, the outsole upper sur- 
face elevates from ttie forefoot or ball region of the 
foot to provide a height differential between tiie ball 

30 region and the heel region. In this manner, there Is 
maintained desired tiiinness of the forefoot region 
while providing a progressively thicker outsole In 
the midfoot and heel regions. In one embodiment 
tiie height differential was approximately 1/2 inch 

35 (12.7 mm). 

In the embodiment as shown in Rgure 7 and 8. 
the outsole 32a is provided with a series of holes 
40 which assist in relief of the rear lateral heel 
border to dynamically smooth and cushion initial 

40 heel strike. These holes 40 are located between 
the cavity 26 and tiie anchor holes 30 and extend 
in a pattern around the posterior semicircular por- 
tion of the cavity 26. The diameter and depth of 
tiiese holes 40, as well as the interval between 

45 adjacent holes 40. will depend on ttie modulus of 
ttie particular outsole material, typically they are 
intermediate in size between the holes 30 and tiie 
columns 24, i.e. between 1.6 mm and 8 mm or 3.2 
and 8mm. 

50 As shown in Rgure 9, in an alternative embodi- 
ment, a stiffening member 42 such as a screen 
may be molded into the forefoot region of tiie 
outsole 32b under the toes. In this manner, toe bed 
reinforcement Is provided by insert molding. The 

55 stiffening member 42 is positioned fon\rard of the 
portion of the outsole which lies beneath the meta- 
tarsal heads. The stiffening member 42 is prefer- 
ably formed of a material such that the compres- 
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sive characteristics of the stiffening member 42 will 
be an order of magnitude (10 times or more) great- 
er than that of the outsole material. 

The sfing straps 21, 23 employed with the 
embodiment of the monolithic outsole as shown in 
Figure 2 could be any of various constructions, 
such as a flat strap of narrow width or a mon- 
ofilament material with cushioning material under- 
neath to protect the foot tissue. If the straps are too 
wide, however, they will tend to lift off the foot at 
certain points, thus creating excessive local pres- 
sures on the foot. Wide inextensible straps will 
have directionality problems and will cause local 
pressure points. Wide straps also take away from 
the ability to adjust the straps properiy. As an 
example of a strap which may be employed in the 
present invention, a woven polyester ribbon strap 
having a width of about 3/8 inch (9.5 mm) and a 
modulus of about 525 pounds per inch per inch 
(about 37 kg/cm/cm) has been used with good 
results. At least five medial and five lateral straps 
of this type were empolyed in one embodiment 
and the overall contact area for Velcro fasteners 
employed on the ends of the straps was approxi- 
mately 2 1/2 square inches (about 16 sq. cms). In 
this embodiment, a polyurethane outsole having a 
thickness of about 1/2 Inch (12.7 mm) in the ball 
region of the foot and a Shore A hardness of about 
50 durometer was employed. 

In one embodiment of the present invention, 
the construction and location of the sling straps is 
specified according to recognised anatomical land- 
marks. In this embodiment, ttie anterior lateral strap 
must be posterior to the fifth metatarsal head. Also, 
the posterior lateral strap should pass across the 
foot proximate and adjacent the calcaneal-cuboid 
joint. The anterior media! strap must remain pos- 
terior to the first metatarsal head in this embodi- 
ment. The posterior medial strap must be directed 
posteriorly, after passing proximate and adjacent 
the navicular protuberance. The medial and lateral 
slots are of sufficent length to allow the straps to 
attain these anatomical positions. One or more 
additional straps, as desired, are spaced between 
the anterior and posterior straps on each side of 
the outsole. 

The closure device for the sling straps may be 
of any conventional type which is relatively inexten- 
sible so as to provide a small degree of looseness 
upon first tightening the straps with minimal or no 
toad on the foot. 

The strap geometry and specific mechanical 
properties can be varied as long as minimum 
strength and stiffness of the sling straps are main- 
tained without introducing local pressures to the 
foot. 

In one embodiment, the hoop which consists of 
the medial and lateral straps and the portion of the 


outsole between the medial and lateral anchor 
points is preferably such as not to strain or elorv 
gate more than at>out 10% under body loads of the 
order of two to three body weights eg. 170lbs (77 

5 kg). Generally, the greatest strap loadings will oc- 
cur during action such as intense running and such 
loadings would be carried during the gait cycle first 
by the rear straps and then would move forward 
during the midstance of the gait cycle. The act of 

10 standing would tend to distribute the loads more 
evenly. 

The methods of maintaining the relative posi- 
tions of the straps may be varied, for example , by 
bonds to the upper fabric and/'or some additional 

15 scrim cloth. 

The term "relatively inextensible" as used to 
describe the sling straps has the following mean- 
ing. Conventional shoe laces are typically woven 
structures in which fiber alignment provides that 

20 large strains must be produced before a significant 
load can be handled. One typical shoe lace 
strained 5% but carried a load of only five pounds 
(2.3 kg). While a shoe lace has a continually in- 
creasing modulus, it is more beneficial, with regard 

25 to the present invention, for the support sling fibers 
to have a significant initial modulus which remains 
linear throughout the effective support range. Such 
a property allows significant forces to be supported 
at much tower strains. This is the "relatively inex- 

30 tensible" character required for the support sling 
straps of the present invention. 

The invention may be embodied in other spe- 
cific forms without departing from the spirit or 
essential characteristics thereof. The present em- 

35 bodiments are therefore to be considered in all 
respects as illustrative and not restrictive, the 
scope of the invention being indicated by the ap- 
pended claims rather than by the foregoing de- 
scription, and all changes . which come within the 

40 meaning and range of equivalency of the claims 
are therefore intended to be embraced therein. 


Claims 

45 

1. A monolithic outsole for a shoe, comprising: 
an elongated planar member having the general 
outline of a foot with a heel region, a ball region 
and a midfoot region between the said heel and 

50 ball regions, and with lateral and medial sides or 
borders and formed with a monolithic structure, the 
said planar member having a plurality of transverse 
slots located in the upper surface of the said planer 
member in the midfoot region adjacent ihe lateral 

55 border and with the said transverse slots being 
located outside the region of the said outsole which 
is directly under the arch of the foot, the said slots 
being generally perpendicular to the longitudinal 
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axis of said planer member. 

2. A monoDthic outsole for a shoe, comprising: 
an elongated planar member having a general out- 
line of a foot with a heel region, a ball region and a 
midfoot region between said heel and ball regions. s 
and with lateral and medial sides or txsrders and 
formed with a uniform, monolithic structure, said 
planar member having an array of small holes 
located in the ba\\ region of said outsole, the said 
holes extending across the said outsole from the io 
medial side to the lateral side. 

3. A monolithic outsole for a shoe comprising: 
an elongated planar member having the general 
outline of a foot with a heel region, a ball region 

and a midfoot region between the said heel and fs 
bail regions, and with lateral and medial sides or 
borders and formed with a uniform, monolithic 
structure, the said planar member having a cavity 
in the upper surface of said heel region and a 
plurality of compression columns arranged within 20 
the said cavity. 

4. A monolithic outsole as claimed in claim 1 or 
claim 3 further including an array of small holes 
located in the ball region of the said outsole, the 
said holes extending across the said outsole from 25 
the medial side to the lateral side. 

5. A monolithic outsole as claimed in claim 1. 
2, 3 or 4 further including a lateral tK)rder chock in 
the form of a raised rib extending around the 
periphery of the heel region and along the lateral so 
border of the said planar member. 

6. A monolithic outsole as claimed in anyone of 
claims 1 to 5 further including a plurality of com- 
pression columns arranged within a cavity in the 

said heel region. 35 

7. A monolithic outsole as claimed in anyone of 
claims 1 to 6 further including an arcuate medial 
slot and a linear lateral slot located in the upper 
surface of the said planar member. 

8. A monolithic outsole as claimed in anyone of 40 
claims 1 to 7 further including a plurality of angled 
anchor holes positioned around the periphery of 

the outsole, the said anchor holes being positioned 
at an angle of about 45 to 60 degrees relative to 
the upper surface of the outsole. 45 

9. A monolithic outsole as claimed in anyone of 
claims 1 to 8 further including plurality of holes 
positioned around the upper surface of the rear 
lateral heel border adjacent the outer periphery of 

the said heel region. so 

10. A monolithic outsole as claimed in anyone 
of claims 1 to 9 further including a stiffening mem- 
ber molded into the forefoot region of the outsole 
under the toes. 

11. A monoli^ic ou^ole as claimed in anyone 55 
of claims 1 to 10 further including a raised heel cup 

in the said heel region, with the outsole upper 
surface elevating from the said ball region to the 


said raised heel cup. 

12. A monolithic outsole as claimed in anyone 
of claims 7 to 11 when dependent on claim 7 
further including at least one sling strap mounted in 
each of the said arcuate medial slot and linear 
lateral slot 

13. A monolithic outsole for a shoe comprising: 
an elongated planar member having the general 
outline of a foot with a heel region, a ball region 
and a midfoot region between said heel and ball 
regions, and with lateral and medial sides or bor- 
ders and formed with a uniform, monolithic struc- 
ture, the said planar member having a plurality of 
angled anchor holes positioned around the periph- 
ery of the outsole in the upper surface thereof, the 
said anchor holes being positioned at an angle of 
about 45 to 60 degrees relative to the upper sur- 
face of the outsole. 

14. A monolithic outsole as claimed in anyone 
of claims 1 to 13 wherein the said planar member 
is formed of a material having a modulus of about 
2000 to 4000 pounds per inch per inch (140 to 280 
kg/cm/cm), with the said modulus being reduced to 
a range of about 200 to 1 000 pounds per inch per 
inch (14 to 70 kg/cm/cm) in the region of the 
transverse slots. 
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